Adolescents with chronic pain frequently report sleep disturbances, particularly short sleep duration, night wakings, and poor sleep quality. Prior research has been limited by assessment of subjectively reported sleep only and lack of data on daily relationships between sleep and pain. The current study utilized multilevel modeling to compare daily associations between sleep and pain in adolescents with chronic pain and healthy adolescents. Ninety-seven adolescents (n = 39 chronic pain; n = 58 healthy) aged 12-18, 70.1% female participated. Adolescents completed pain diary ratings (0-10 NRS) and actigraphic sleep monitoring for 10 days. Actigraphic sleep variables (duration, efficiency, WASO) and selfreported sleep quality were tested as predictors of next-day pain, and daytime pain was tested as a predictor of sleep that night. Effects of age, gender, study group, and depressive symptoms on daily associations between sleep and pain were also tested. Multivariate analyses revealed that nighttime sleep (p < .001) and minutes awake after sleep onset (WASO) (p < .05) predicted next-day pain, with longer sleep duration and higher WASO associated with higher pain. Contrary to hypotheses, neither nighttime sleep quality nor sleep efficiency predicted pain the following day. The interaction between nighttime sleep efficiency and study group was significant, with adolescents with pain showing stronger associations between sleep efficiency and next-day pain than healthy participants (p = .05). Contrary to hypotheses, daytime pain did not predict nighttime sleep. Daily associations between pain and sleep suggest that further work is needed to identify specific adolescent sleep behaviors (e.g., compensatory sleep behaviors) that may be targeted in interventions.
Introduction
Chronic pain is reported in 20-40% of youth [22] , with the majority reporting sleep disturbances [9, 25] including shorter sleep duration [21, 28] , poorer sleep quality [8, 20] , and more night wakings [13, 35] . Disturbed sleep in youth with chronic pain is associated with limitations in social functioning [9] , lower quality of life, and greater disability [12, 18] . Previous research on youth with chronic pain has been limited by subjective sleep assessment and small samples [17, 30] . These studies have consistently shown perception of greater sleep disturbances in adolescents with chronic pain versus healthy adolescents. Findings on objectively measured sleep are equivocal. While some research shows adolescents with chronic pain have lower sleep efficiency compared to healthy adolescents [20] , other findings indicate similar sleep latency, efficiency, and duration [8] .
While subjective reports are useful for assessing perceptions of sleep quality, they may not accurately measure sleep patterns. Measures of sleep efficiency (percentage of time asleep accounting for night wakings), and minutes awake after sleep onset (WASO) provide estimates of sleep fragmentation. Objective assessment of sleep-wake patterns can be accomplished using actigraphy, a small watch-like device that records movement [1] . Actigraphy is unobtrusive and sleep patterns are monitored at home over several days rather than a single night [15] .
A theoretical framework developed by Lewin and Dahl proposes that relationships between pediatric pain and sleep are bidirectional [11] . Pain sensations can increase sleep latency and night wakings, and poor sleep can increase pain sensitivity and lower pain tolerance. Adult chronic pain studies have found that pain predicted nighttime sleep disturbances that night, and sleep disturbances predicted pain the following day [2, 24] 
